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ABSlRACr 


Finishing and debumng operations in an overall manufacturing process are the 
most difficult, expensive and time absorbing elements and may constitute a significant part 
of the manufacturing cost The “Abrasive Flow machinmg(AFM)” process has a greater 
potential of being used to deburr, radius, polish, and remove recast layer of components 
in a wide range of applications In AFM, a semisohd viscoelastic abrasive laden media is 
made to flow over the selected surfaces of the workpiece 

The major parts of AFM system are the machine, tooling and the abrasive laden 
media The tooling holds the workpiece and direct the flow of media through the restricted 
passage The AM process has vast application potential as it can finish inaccessible areas 
and complicated contours of the workpiece, and can finish many components 
simultaneously 

The present work is an effort in the direction of understanding the AFM process 
performance For this, a hydraulically powered AFM set-up is designed and fabricated 
Few experiments are conducted on brass and aluminum samples, and the effects of 
different process parameters like number of cycles, extrusion pressure, and extrusion 
passage area on the material removal and surface finish are studied The machined surface 
IS also analyzed under Scanning electron microscope (SEM) 

The extrusion passage area effects the material removal significantly The matenal 
removed increases with the extrusion pressure and number of cycles For the same 
extrusion pressure and no of cycles the material removed is more m case of brass than 
aluminium In case of brass the surface finish improves with the increase in extrusion 
pressure, number of cycles and % passage area reduction As alumimum is softer matenal 
and samples are prepared by milling, the surface roughness increases with extrusion 
pressure and number of cycles because due to bigger grain size the abrasive marks appear 
on the surface and increase the Ra value The abrasive marks are clearly visible at higher 
magnification under scanning Electron Microscope 
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Chapter- 1 
INTRODUCTION 


1.1 CONVENTIONAL FINISHING PROCESSES 

Finishing costs in the metal working industries account for as much as 1 5% of the 
total manufacturing cost Finishing operations involved in the production of precision 
parts are the most labour intensive and least controllable ones 

The dimensional and alignment accuracy, and quality of surface finish are taken care of 
by finishing processes Grinding, honing, lapping and superfmishing processes are the 
traditional methods of finishing The applications of these traditional abrasive finishing 
processes are limited to the production of shapes such as flat, cylindrical, etc With 
increasing cost of machining and introduction of high strength matenals of complicated 
shapes, the need for accurate and reliable process arises A relatively new process called 
Abrasive Flow Machimng (AFM) is being developed to provide accuracy, efficiency, and 
economy 


1.2 ABRASIVE FLOW MACHINING (AFM) 

Abrasive flow machining is an unconventional machining process used to deburr, polish, 
radius, remove recast layer and to induce compressive residual stresses by flowing a semi 
solid abrasive laden media (also called as media) over a selected area of the workpiece 
The AFM works on the pnnciple that material removal is caused by extruding media back 
and forth through or across the passage formed by workpiece and tooling (Fig 1 1) 

Abrasion occurs only where the media flow is restricted, whereas other areas remain 
unaffected [10] A vanety of firashing results can be achieved by altenng the 
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process parameters Abrasive Flow Machining can leach even the most inaccessible aicas, 
processing multiple holes, slots or edges m one operation 

Advances in media formulation and tool design coupled with new capabilities in 
processing and automation have established the abrasive flow process as a way of 
satisfying tough manufacturing requirements economically and pioductively[IO] 

Abrasive Flow Machining oflers precision, consistency and flexibility to a wide 
range of applications in aerospace, automotive and die finishing The process was initially 
developed to perform critical deburi ing of aircraft valve bodies and spools, as well as burr 
free internal edge An automatic AFM system can handle thousands of parts per day, 
greatly reducing labour costs by eliminating tedious hard work 

With today’s focus on total automation in flexible manufactunng system, the 
Abrasive Flow Machining process offers both automation and flexibility in final machining 
operations Furthei materials from soft aluminium to tough nickel alloys, ceramic and 
carbides can be successfully micromachined by this process Abrasive Flow Machining can 
be applied to an impressive range of finishing operations, providing uniform, repeatable 
and predictable results 



Fig 1 1 Abrasive flow machining process 
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1.3 LITERATURE SURVEY 


The Abrasive Flow Machining process has been developed and brought to production 
stage in U S A during the years of 1966 to 1968 In 1978, Abiasive Flow Machining was 
reported as an alternate for hand polishing of extrusion dies at the international aluminium 
extrusion technology seminar m Atlanta, Georgia 

Przylenk [1] conducted some experiments on AkM and concluded that with small bore 
diameter more grains come in contact with the wall and material removal increases With 
increasing the number of cycles, first there is an increase m material removal due to higher 
initial coarseness of the workpiece surface, then it slightly decreases per cycle It was also 
found that the media should not be allowed to achieve tcmpciatuic ovci 100 "C to keep 
the viscosity of the media within certain limits 

Rhoades [2,3] studied the basic principle of AFM process and identified its process 
control parameters Tooling is used to direct the media to the desired areas in the 

workpiece The depth of cut primarily depends upon the size, relative hardness, sharpness 
of abrasive grains and extrusion pressure The number of cuts made by the slug (the media 
extruded through the workpiece, shown m Fig 1 I ) dunng one cycle is a function of 
length of the media as it passes through the restriction, and size and concentration of 
abrasives in the media The applications of AFM in machining carbides are also reported 
The type of flow pattern to occur has been shown to be depend upon the machine setting, 
media formulation, workpiece and tooling configuration 

Kohut Tom [4] presented some fundamentals of the process For any working pressure the 
amount of abrasion that occurs is directly related to the slug length of flow It has been 
shown that if the two passages of different areas are given the same volume flow, then the 
smaller passage abrades more than the large passage due to greater slug length of flow 

Williams et al [5,6,7] earned out expenments on extrude hone model 77c and 7A The 
Expenments conducted by them are with different pressures and viscosities at 10 cycles It 
was observed that as pressure and viscoscity increases matenal removal increases while 
surface roughness value decreases 


Perry [8] presented some applications of AFM in aerospace industries He found that the 
key feature differentiating AFM from most other finishing processes is the ability to 
control and select the intensity and location of abrading through fixture design and media 
selection The ability of AFM to work on selected edges, surfaces and internal or 
otherwise inaccessible sections confirms that many difficult finishing operations can be 
transferred to a mechanised process with its inherent consistency, repeatability, and cost 
effectiveness 

Rhoades [9] observed that the type of flow pattern that occurs depends on the machine 
settings, the media formulation and workpiece and tooling configuration The machine 
controls the extrusion pressuie ranging fiom 7 to 220 bars The volume of media flow 

depends on the displacement of piston of each media cylinder (i e stroke) and the total 
number of cycles required to complete the job Media flow rate is determined by media 
viscosity, extrusion pressure and passage dimensions which affects the amount of 
abrasion, the uniformity of stock removal and the edge radius size 

N Studly [10] identified the wide range of feasible applications of the AFM process fiom 
critical aerospace and medical components to high production volume of parts The 
components are finished economically and productively with advances in media 
formulation and tool design coupled with new capabilities in processing and automation 


Loveless et al [11] performed some experiments and found out that matenal removed 
from milled surface is more than that from the WEDM’d, turned and ground surface, 
keeping other parameters constant Material removal achieved from the ground surface is 
lowest among these AFM is able to remove almost all signs of the WEDM process, 
leaving a smooth polished surface 

Dubey and Shan [12] studied the effect of the performance parameters on the process 
effectiveness They presented the results of an expenmental investigation into some 
aspects of AFM process characteristics on work surface integnty The eflfect of number of 
AFM cycles, gnt size, and abrasive concentration on metal removal and surface firash 
improvement by AFM was investigated by carrying out a set of expenments using full 
factonal design 
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1.4 OBJECTIVES OF THE PRESENT WORK 

The literature survey reveals that the earlier research work in the field of Abrasive Flow 
Machining was done on the commercially developed machines and only qualitative 
analysis was reported Following are the specific objectives of the present work - 

1 To design and develop a hydraulically powered high pressure Abrasive Flow 
Machine set-up The work carried out under this heading can be classified as follows 

(i) Design of hydraulic circuit 

(ii) Selection of hydraulic components 

(ill) Design and fabncation of frame & housing 

(iv) Assembly of Abrasive Flow Machine set-up 

2 To study the effect of varying pressure, number of cycles, and extrusion passage 
size on material removal and surface finish 
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Fig 2 1 Photograph showing AFM set-up 


Chapter -2 


DESIGN OF EXPERIMENTAL SETUP 


2.1 DESIGN OF ABRASWE FLOW MACHINE COMPONENTS 

The Abrasive Flow Machining set up has been designed keeping m view the 
fundamental mechanism of the process and the basic requirements In Abrasive Flow 
Machining, media is extruded through the passage formed in the workpiece by utilising 
two opposed piston media cylinders 

The Abrasive Flow Machine set up shown m fig 2 1 consists of the following 
components 

1 Media cylinders, 

2 pistons, 

3 Workpiece Fixture, 

4 Hydraulic dnve and controls, 

5 Frame and housing 

Media cylinders and pistons of LP genset, Kirloskar make have been chosen from 
the market In the following sections, critical dimensions have been calculated by 
designing them from the strength point of view 

2.1.1. Media Cylinders : 

The primary function of the media cylinder is to contain a sufficient 
quantity of the media at desired extrusion pressures While its secondary function is to 
guide the piston movement The thickness of the media cylinder which is determined so 
that It could withstand a maximum hydrostatic pressure of 100 bar The media cylinder is 
designed with a high wear resistant sliding surface For this a cast iron cylinder liner is 
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fitted inside the cylinder block 

Analytically the following cylinder parameters are determined on the basis of 
Lame’s thick pressure vessel theory[i5'] 

Material Selected Grey cast iron (ISl Grade 35) 

Ultimate Tensile Strength 320 MPa 

'I hickness of the media cylinder according to thin cylinder theory : 

IT) 

Wall Thickness h = — — ^ mm ^2 1) 

2 iSd 


where, P = inside pressure, MPa 

D, = inner diameter, mm 
Sd = design stress, MPa 
inside pressure P = 10 MPa 
inner diameter D, = 87 5 mm 

„ Silt 320 dniv/m /o ON 

design stress Sd = — = = 40 MPa (2 2) 

8 8 

10*875 

tb — 

2*40 

t,= 10 9375 mm 

— = 0 1 25 > 0 1 (Condition for thick cylinder) 

A 

By Lame’s Thick Cylinder Theory , 


Wall Thickness 


/6 = 


D, 

T 




Sd+P" 

Sd-P^ 


-1 


(2 3) 


tb « 


875 

2 


40 + 10^ 
40-10^ 


tb == 12 73 mm 



The standard air cooled cylinder block with the following specifications is selected 
SPECIFICATIONS : 

Brand Name KIRLOSKAR 

Bore Size 87 5 mm 

Stroke length 80 0 mm 

Cylinder Block Thickness 6 0 mm 
Cylinder Liner Thickness 6 5 mm 
Total Wall Thickness 12 5 mm 

The extra strength to the cylinder block is provided by the 14 fins each of 3 mm thickness 
on the outer periphery Fig 2 3 shows the media cylinder 


2.1.2. Pistons : 

The media piston (piston(m) in Fig 2 2) acts to transmit the extrusion force applied 
by the piston rod of hydraulic cylinder to the abrasive media It is used to extrude the 
media from the media cylinder through the workpiece into the receiving cylinder (media 
cylinder on the other side) The main extruding surface is formed by the piston head which 

accommodates two cast iron nngs (not shown in Fig 2 1) to provide sealing and reduce 
frictional resistance 

The functional requirements of the pistons are 

• Compressive strength 

• Wear resistance 

Force acting on the piston F = Pressure X Cross-sectional area of piston 

Cross-sectional area of piston A = 5026 55 mm^ 

Force F = 10 X 5026 55 N = 50 265 kN 

Pistons made up of Alumimum alloys, supplied along with the Kirloskar cylinder blocks 
can fulfill our functional requirements 
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2.1.3 Workpiece Fixture 


Workpiece fixture m AFM depends on the workpiece configuration Keeping in 
view the fixture design considerations fixturing arrangement as shown in Fig 2 4 is 
fabricated to fulfill the requirements The fixture is fabricated for finishing internal holes 
and cavities The workpiece fixture consists of two square plates with cylindiical 
projection having taper passage for media flow, a cylindncal disc for holding workpiece 
holder and workpiece U- shaped workpieces with threaded hole are prepared to avoid the 
detachment of the workpiece from the holder at high pressure After placing the 
workpiece in the slot made for it, it is tightened up by a screw The workpiece holder is 
then placed inside the small circular disc I’he circular disc is placed in the middle 
cylindncal disc and then whole assembly is tightened between two square plates by bolts 
The fixture is then placed between the two media cylinders 

2.1.4. Hydraulic Drive And Controls . 

A hydraulic circuit is an arrangement of components interconnected to provide a 
desired form of fluid power In the AFM, the operations are powered by the hydraulic 
dnve The hydraulic system refers to the complete assembly of component parts that 
transmit and control the fluid power Fig 2 5 shows the block diagram of a hydraulic 
system 

The design of hydraulic system for AFM comprises of 

• Component selection factors 

• Calculation of specification data 

• Operating information 

• Graphical diagramming 

Fig 2 6 shows the hydraulic circuit for AFM The system has following components 

1 Reservoir (R) 

2 Strainer (S) 

3 Vanable delivery pump (VDP) 

4 Flexible coupling 

5 Electnc motor (M) 

6 Connectors 
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7 Relief valve (RV) 

8 Check valve (CV) 

9 3 -Position 4-way Direction control valve (DCV) 

10 Single acting cushioned cylinders (HCl & HC2) 

The component selection procedure of Hydraulic circuit for AFM is explained below 
/ SPhCItlCA 'I IONS FOR THE JOB 

• Pressure requirement 
Maximum Pressure =10 MPa 

• Max length of stroke = 200 mm 

2 SIZE OF HYDRA ULIC CYLINDERS 

To meet the requirement of AFM the cylinder bore size is selected according to the 
maximum operating pressure Referring to the standard bore and rod sizes for cylinders, 
selection is made on the basis of reasoning that a smaller diameter cylinder operate at a 
high pressure, but requires a smaller pump to give the required cylinder speed and vice 
versa 

The specifications of hydraulic cylinder selected are 
0 Bore size = 80 mm 
ii) Stroke = 200 mm 
111 ) Max Operating Pressure =10 MPa 

3 PUMP CAPACITY 

The pump is selected to provide the maximum piston speed required by the hydraulic oil in 
the circuit 

,, , „ . ^ Cross - sectional area of cyl X Length of stroke 

Volume flow rate, Q = 

Time for one stroke 

(2 4) 

Cross-sectional area of hydraulic cylinder = 5026 55 mm^ ( Dia of cylinder = 80 0 mm) 
Length of media cylinder stroke = 80 0 mm 


Max no of cycles per min = 1 5 cycles (or 30 stroke) 
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Time for one stroke = 20 secs 

_ 502655*80 

Q — = 1 2 06 htres/min 

^ 20 

Maximum pressure = 10 Mpa 

Standard variable delivery vane pump with Max flow rate of 10 0 1pm is selected 


4 lUiLlEf VALVE 

A simple relief valve fitted with a spnng having a range setting between 0 and 10 
Mpa IS selected The relief valve is adjusted manually to any desired pressure 


5 DIRECTIONAL CON7ROL VALVE 

The type of valve actuation depends on its application The primary function of a 
4-way direction control valve is to alternately pressurize and exhaust two working ports 
Two position 4-way valves are used to reciprocate and hold an actuating cylinder in one 
position Direction control valve with a center position allow the machine to stop without 
shutting down the entire system Solenoid operated direction control valve is selected 
which IS powered through 220 V ac and activates through the control circuit 


WORKING OF HYDRAULIC CIRCUIT : 

The pump VDP (Fig 2 6) withdraws oil from the inlet line C and delivers it to the 
outlet line D at a volumetncally umform rate for any particular setting The direction of 
flow is reversed by means of valve DCV so that line P is connected to either of the 
cylinder 

To ensure that the maximum pressure is limited, a shunt line G is provided, 
communicating with reservoir R by way of a relief valve RV3 It is apparent that, with 
this arrangement, the rate of advance of the piston PI is determined by the rate of 
withdrawal of oil from the hydraulic cylinder HC2, and as oil is passed through the pump 
VDP at a volumetncally uniform rate, the piston would advance at an uniform speed 
provided that the oil is incompressible 
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Dunng forwdid slioke of the cycle oil enters fioin the port P of the direction 
control valve (DCV) and flows into the line A connected to parallely arranged check valve 
and relief valve for pressure control in the cylinders Initially RVl and RV2 are adjusted 
manually for a particular pressure In forward stroke the oil passes from CVl into HCl 
till the pressure in the hydraulic cylinder HC2 reaches the adjusted pressure As the 
pressure exceeds the adjusted value, the RV2 gets opened and oil comes out from HC2, 
making piston PI traversing in downward direction After completing forward stroke the 
direction of DCV is reversed by relays and oil flow is reversed to complete one cycle 

2.1.5 Frame And Housing 

Frame and housing are necessaiy to accommodate different components of the 
abrasive flow machine together for its operation as a single unit Frame is designed to 
provide safe operation and to withstand the working stresses 


Force analysis : 

For designing vanous members of the frame, the force analysis is done by making 
free body diagram of the system (Fig 2 7) 
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Fig 2 7 Free body diagram of AFM system 

Force of the system goes to the flange of the cylinder and then to the frame As all the 
forces are axial, the frame must be rigid enough to counter axial forces 
Maximum hydraulic pressure = 10 Mpa 

Cross-section Area of the hydraulic cylinder = 5026 5 mm^ 

The maximum force on the flange of the hydraulic cylinder, 

Fm.x = Max pressure x Cross- sectional area of hydraulic cylinder = 51 
kN (2 5) 




Frame is fabncatcd using mild steel plates and ciiculai bars The tiame consists of 

1 Base plate 

2 Supporting plates 

3 Guiding plates 

4 Top plate 

5 Supporting bars 


CALCULA IION Oh FLA Ih THICKNESS 

The maximum force coming on the flange of the hydraulic cylinder is transmitted 
to the supporting plates 

Pn«x=10MPa F™,x = 51kN 

Considering the plate as a simply supported beam and loads to be concentrated 



400 — n 

Bending moment diagram 
Fig 2 8 Free body diagram of plate 


Ri + Ra = Fnux 

Ri = R 2 = Ftox/ 2 (by symmetry) 

Maximum bending moment occurs at the center and is given by 

FL 

Mmax = — 

4 

where. 


F= bending force, N 
L = length of the plate, m 


A/ max — 


51A^t0^Ar040 

4 


= 5mN-m 


Bending stress in simply supported beam is given by, 


(2 6 ) 
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Mi max 



where. 


(2 7) 


Mraxi.- maximum bending moment 
Z = section modulus 

cross-section of beam 


1 




section modulus about 1-1 is 

zJJL 



(2 8 ) 


Taking matenal of plate as carbon steel C-35 
Yield stress (Jyp = SOOAdPa 

Plates are having many holes, therefore factor of safety is taken as N = 5 keeping in view 
the stress concentration 


Allowable stress = 



300 

5 


= 60MPa 


(2 9) 


For safer design, the bending stresses in the plates should be less than the allowable stress 
Therefore the section modulus of the plate should be greater than 


3 ,, 5100 

60X10^ 


SSA'lO-'m' 


a 


all 


From eqn 2 6 


h 


2 6Z 6X85J^10'’ 


040 


= 1275Z10""/« 


3_2 


Here, value of 13' is assumed to be 400 mm 

The thickness of the plate should be greater than h = 0 0357/w = 357mm 
Plates of 40 mm thickness are selected from the available thickness m the market 




CHECK FOR DEFLECT ION 

Maximum deflection in case of a simply supported beam is given by, 


PlI 


y. 


max 

where, 

P = force, N 
L = length of beam, m 
E = modulus of elasticity, nW 
I = moment of inertia, m'' 

Moment of Inertia of a rectangular cross-section is given by, 
hh^ 


(2 10 ) 


/ 


12 


(2 11 ) 


/ = 040^(004). =213X10-.- 

12 

E = 2 IXIO" N/m^ (For carbon steel) 
From eqn 2 10, the deflection in the plate is, 

5i2no';r(040)' 


>^max 48 ;^ 21 ^ 10 "Z 2 13 X 10 -^ 
This deflection is insignificant 


152X10"^m = 0152w/w 


SUPPORTING BARS 

Four supporting bars are used to support the plates Diameter of the bars are 
calculated from the formula 

Cross-Sectional Area X Allowable Stress = Max Tensile force 
Allowable Stress for C-25 carbon steel ( Taking N = 4 ) = lOMPa 

Fmix = 5 1 kN (from eqn 2 5) 

Cross-sectional Area A — = 7 286X10"^ 

70 ^^ 10 ' 

r , . ^2 7 286X10-^ 

Diameter of circular bars a > > 0 0 1 53w 

TV 

The diameter of the bar on which cntical tensile force is coming is taken as 20 mm 
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2 1.6 Electrical C’ontrol Circuit 

In the AFM set-up, the solenoid operated direction control valve is used The two 
solenoids are mounted at the two ends of the valve To eneigize the solenoid, 220 V a c is 
required The electrical control circuit is required to keep the solenoid in energized 
position till the piston traverses the stioke length and presses the limit switch For this a 
logic circuit IS formed using two 6V d c DPDT relays Fig 2 lOshows the the circuit 
diagiam Two neon lamp indicators are also connected to the relays to indicate the 
direction of piston movement Two push buttons are mounted on the panel to manually 
control the piston movement 

2.2 WORKING OF THE AFM SET-UP 

Before starting the experimentation, any one of the media cylmdci is filled 
completely with the media Then the workpiece fixture is placed between the plates 3 and 
4 and the two plates are tightened by nuts and bolts To start the hydraulic unit , press the 
green button of the starter mounted on the hydraulic power pack The desired extrusion 
pressure is adjusted by the relief valve RVl There are two more pressure relief valves 
RV2 and RV3 for controlling the back pressure The back pressure is necessary in the case 
when the media is required to be compressed dunng machining, This will probably help m 
increasing the depth of the cut by making the abrasives to penetrate to a greater depth 

To activate the control circuit press any limit switch , which sends signal to the 
relay This will lead the piston of direction control valve to be shifted in one position 
resulting the oil to enter into the hydraulic cylinder The flow rate of oil is adjusted 
through the arrangement provided m the pump Suppose the oil enters initially into the 
hydraulic cylinder HCl The media in the media cylinder MCI then starts extruding 
through the workpiece into the media cylinder MC2 which is acting as a receiving 
cylinder When the piston of MCI traverses a length equal to the stroke length then the 
limit switch fixed at the end of MC2 gets pressed and causes the direction of flow of oil 
reversed through direction control valve Now the media cylinder MC2 is acting as a 
extruding cylinder and MCI as the receiving one for next half cycle In this way, one cycle 
IS completed to count the no of cycles and measure the cycle time a plotter is attached to 

the set - up When the desired no of cycles are completed, switch off the hydraulic unit 
from the starter by pressing red button 
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Fig 2 10 ■ Electrical control circuit 
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PI, AN OF EXPERIMENTS 


3.1 S I A I IS 1 1( .\l, APPROACH 

I xjHjnnenis aic planned in such a way that we can get useful inferences by 
pnhiiimn* ininunum numbet of experiments This can be done by using statistical 
ici ni iip.es !| the Mcld or lesponse ‘Y’ is a function of the levels of quantitative variables 
ihcn 'Af iJMv uiiiel 1 ij. 


\ti <ff{.XUKXlti. ,Xku)+eu (3 1) 

wheie, u 1 .2. N represent the N observations in the factorial expenment, 
and represents the level of the i*'’ factor m the u* observation 
1 he funttion ^ ss called the Response Surface The residual measures the experimental 

fffoi the ii’” observation A knowledge of the function (f) gives a complete summary of 
the results of the experiment and also enables us to predict the response for the values of 
the Xm that were not tested in the expenment 

When the mathematical form of (j) is not known, this function can sometimes be 

aiipiuximated satisfactorily, within the experimental region by a polynomial m the 
variables JCw Some expenmental designs and methods of analysis are developed for fitting 
polynomial of the first and second degree 

3.1.1 The Quadratic Response Surface 

The genera! form of a quadratic (second degree) polynomial is illustrated by the 

equation yu~ bo * "b '^bx^ + ’^buX^x^^ ( ) 

Where, k“No of variables 
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\i\v Mhf h:* t^»n:4<ns liiieai tarns m ( Xm), squared terms (JCw^ ) and the cross 

fmiMn I \ , ) 


3.1.2 ( entraH 'omposite Rotatable Design 

! !!f \ - \atiablcs is shown m table 3 1 The columns headed and 

\ \ and \, ttlmh speufv tlie actual combinations to be used, constitute the plan of 

( • p!” (It cni 


I nhU‘ 3.1 ; Cential composite rotatable design foi k = 3 [13] 
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^ ■ ” ' ' licadcd \ ,x , v’ , l’, X| v, VjX, as shown The two way 

•’ ■ * ' '* and 20 tows comprises the X-matnx of the x- variables The 

MC' I'.'i! ijih’ ' ahics (d the f espouse Y are placed on the right 
1 .tj'ii O'C s’lin of pioducts of each column in the matrix X with the column of Y 
■'ll ;1 h m‘ sum ol pioduus aie denoted by (Oy), (ly), (2y) and so on 

I loin the sallies of (0%), the regression coefficients are computed directly by 

tlif eijii.itions p’oen heUnv 


/' 0 166^^8(01)- 0056791I(//v) 

b -0077224(6*) 

A 0 0A2700(6)*) + 0 006889Z(//;;) - 0 056791(0t) ^ 
A 0127000(//v*) 


1 In the analysis of variance, the sum of squares of the y’s are partitioned into the 

uuittibution due to a fust order (linear) equation and due to the second order (quadratic) 

ter ins 

3,2 PLAN OF EXPERIMENTS 

In the present experiments, the effect of three quantitative factors viz Pressure, 
Number of cycles and Percentage passage area reduction are studied on material removal 
and percent change in surface finish 

A preliminary step is to set up the relations between the coded X -scales and the 
original scales m which the levels are recorded 

In design scale the lowest and the highest values of JCare -1 682 and -t-l 682 So 
we take, 

Jt = -1 682 when P = 20 bar , N = 3 cycles , A = 0 % 
j = + 1 682 when P = 60 bar , N = 25 cycles , A = 80 % 


Then, 


X = a + h*( var table) 

‘a’ and ‘b’ are chosen to satisfy the desired conditions at the end of the scale 



f ’ I 1/^ 

i 1 !'S; . F 20 bat 
' * ! 0 S 2 . F 60 bar 

i bi S(F, . ;iu' v,e j'ct. 

U ^ ^64 
h fldHil 

1 bf ic'at’tni io' {’ffsMiie is X = -3364 + 0084 IF (^5) 


(1!) \ umber <if cy lies 

X <M /-*{ A’) 

uhl’ii X -1 FH2 . N ■ 1 cycles 

X • 1 082. N - 2S cycles 

Oil stiKmu we gx't. 

21407 

h - 0 1 520 

I he felatuin ftn mimhct of cycles is x = -2 1407 + 0 1 529^/^ 


(in) Percentage passage area reduction(A) 
x = u + h*{A) 
when X -1682. A-0% 

X-+1 682, A =80% 

On solving we get, 
a = -1682 
A = 00420 

The relation for percentage passage area reduction is x = —1 682 + 00420 A( ^ 

From these equations the pressure, numbes of cycles, and % passage area reduction 
corresponding to level x=-l, 0, +i are determined The complete conversion is tabulated 


in table 3 2 
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I able 3.2: Convejsion table 


\ 

-1 682 
_ 

__ 

"l 682 


P N 

A 

i 

20 3 

0% 

28 7 

16 24% 

40 14 

40% 

52 21 

63 86 % 

60 25 

80% 


Ui*h tile ainne conversions the experiments are performed according to the plan given 
behns in tabic t ^ 

Table 3.3 : Plan of Experiments 


i-xpr 

NO 

j 

__ 

_ 

_ 

~ 

— 

_ 


x,(P) 

28 bar 
~28 bar 
‘>2 bar 
28 bar 
40 bar 
52 bar 
40 bar 
"40 bar' 
52 bar 
20 bar 
28 bar 


X2(N) 

7 cycles 
20 cycles 
20 cycles 
7 cycles 
3 cycles 
20 cycles 
14 cycles 
'Wcycles" 
7 cycles 
14 cycles 
20 cycles 


X3(A) 

16 24 % 
63 86 % 
63 86% 
63 86% 
40% 

16 24% 
40% 

—40%— 
63 86% 
40% 

16 24% 


■ 

2 

40 bar 

14 cycles 

80% 

■ 

3 

40 bar 

25 cycles 

40% 

■ 

4 

40 bar 

14 cycles 

40% 

■ 

5 

40 bar 

14 cycles 

40% 




















’ ‘ 50 b.ii 

1 ou l''ai 

H ; dobai 

14 cycles 

40% 

14 cycles 

40% 

14 cycles 

0% 

’.0 ' 40 hat 

14 cycles 

40% 

‘^2hai 

7 cycles 

16 24% 


3.3 SrRl A< i: FIMSH MEASUREMENT 

lu sUid\ tbi* change ni sialacc lexluic due lo vanous process paiameters, 'Ihe 
suit.HC unit'hne'^s incasuiements are essential Fo this purpose the instrument used is 
'■ I \Y1 t>R IK 5BS( )N St 'R I RONIC 3P” It gives on its digital scale the Ra value, Rymax 
and Rtni 

Befnit* usinp the uistiunient, it is to be checked against the standard specimen 
piovidcd bv ilu* manufac’tuicr The procedure for surface roughness measurement is as 
fnlltnvs 

1 1 he pick-up of the traversing unit of the instrument is placed gently on the workpiece, 
so that the stylus of the instrument will touch the surface to be measured 

2 Adjust the lotary switch first to Ra value and then press the start button 

% Sum onic 3 P after traversing a sample length will display the Ra value directly 
t Now rotate the rotary switch to Rymax, it will directly give Rymax 
5 For measuring Rtm the switch is rotate to Rtm and then press the start button again 
1 his wil give Rtm value after traversing the sample length 

I he surface roughness is assessed by measuring Ra, Rymax and Rtm values before and 
after machining 

Ra value The Ra height of the roughness irregularities on a surface is defined as the 
average value of the departures from its centre line throughout a prescribed sampling 
length (Fig 3 1 ) The Ra value of the surface is then the average height of the profile above 
and below the ccnli e line 
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n 

I'lg 3 1 Ra value 

R, 1 i."' 'lit* Jra^ iimirn peak to valley height of the profile m the assesment length 
K„ IN nnis.niu’.n peak to valley height of the profile m one sampling length 
/* , !v the hugest v alue within the assesment length 

R,^ R , IN the mean ot all the Ru values obtained within the assesment length 



hig 3 2 Surface irregularities showing Ru values 


3.4 MA l ERIAL REMOVAL 

for materia! removal measurement, the electromc weight balance AFCOSET FX- 
41)0" IS used 'I his weight balance is digital and can measure upto 0 0001 gm First of all 
tare button is pressed to set initially zero display on the screen Now place the workpiece 
on the platfoim of the weight balance and wait for few seconds so that the reading become 
stable Tins will give the weight of the sample By measuring the weight of the samples 
before and after machining , the material removed is calculated by taking their difference 


3.5 TABULATION OF EXPERIMENTAL DATA 

1 he experimental data are tabulated below 




easurement (Brass) 


WEIGHT AFTER 
MACHINING (gm.) 

MR 

(mg.) 

1 

2 

3 

avg. 

5 088 

5 087 

5 088 

5 (}fi77 

9 30 

6 566 

6 566 

6 567 

6 5663 

26 0 

5 794 

5 793 

5 794 

5.7937 

53 3 

6 584 

6 585 

6 585 

6 5847 

19.0 

5 784 

5 785 

5 783 

5 784 

7.70 

4 648 

4 649 

4 648 

4 6483 

27.4 

5 766 

5 765 

5 765 

5 7653 

20.4 

5 724 

5 725 

5 725 

5. 7247 

25.3 

6 252 

6 253 

6 252 

6 2523 

21.0 

5 458 ' 





4331 

IgBl 

IBB 

4331 

15.3 

ma 





5 860 

5 859 

5 859 

5.8593 

37.4 

IIB 


5 269 

5 2687 




5 492 



5 608 




23.0 

5 667 

5 668 

5 668 

5.6677 


4 858 

4 858 

4 858 

4 858 


4 337 

4 338 

4 338 


■9 

mm 




13.0 
















































I able 3.5 : Mateiial Removal measurement (Aluminium) 


1 

1 

i 

1 

I 

i 

i 

1 

t 

N j 

1 

C} I 

c! 

es 

A 

ro 

WEIGIII BEFORE 
MACHINING (gm) 

WEIGH! 

MACHIN 

AFTER 

ING (gm ) 

MR 

(mg.) 

I \ i 

Ft 

.NO 

i* i 

bill j 

s 1 

1 , 

1 

2 

3 

avg 

1 

2 

3 

avg. 

! 

28 

7 

16.24 

1 768 

1 768 

1 767 

/ 7677 

1 763 

1 761 

1 762 

J 762 

5,70 


28 

21 

63 86 

2 267 

2 266 

2 267 

2 2667 

2 256 

2 256 

2 255 

2 2557 

11.00 


52 _ 

_2I 

63.86 

2 254 

2 256 

2 254 

2 2547 

2 228 

2 227 

2 227 

2 2273 

27.40 

t 

28 


40.00 

2 267 

2 267 

2 266 

2 2667 

2 254 

2 255 

2 254 

2 2543 

12.40 


40 

3 

40.00 

2 139 

2 140 

2 140 

21597 

2 135 

2 136 

2 135 

21353 

4.40 

i) 

52 

21 

16.24 

I 759 

1 760 

1 760 

1 7597 

1 745 

1 744 

1 744 

1. 7443 

15 40 

7 

40 

14 

40.00 

2 050 

2 049 

2 049 

2.0493 

2 033 

2 033 

2 032 

2 0327 

16.60 

H 

40 


40.00 

2 102 

2 102 

2 102 

2102 

2 083 

2 083 

2 083 

2.083 

19.00 

0 

_52 

7. 

63.86 



2 181 

21813 





mm 

. 1'' 

20 

Ji, 

40.00 

2 158 

2 157 

2 158 

21577 





BSiM 

_ll_ 

_28J 

, IL 

16.24 

1 759 



1.7587 


BBSil 

1 751 

HESEQI 

8 00 

J2 

_4t» 

H 


1 700 


1 700 

1 700 


1ISH8I 





40 

, 25 

40.00 

I 995 

1 996 

1 996 


IBBI 


1 973 

1.973 

IBB 

JJ. 

40 

ii 

40.00 

2 042 


mm 

mm 



2 028 

2 0283 

IlilBI 


40 

, !1. 

40.00 

2 055 

2 055 

2 056 

2 0553 

IBB 



2 0397 


J^L. 

40 

J4 

im 

2 164 

mm 

2 164 

21637 

rm 


BIQ 

BBI 


J7_ 

_60_ 

.,J1 

40.00 

2 044 



2 044 




mMum 


JX__ 

^0 _ 

J14 

00.00 

1 432 

1 431 

1 432 

14313 



1 425 




40 

U 

40.00 

2 126 

IBS 

2 125 

21253 



IBB 


13.00 

_20_ 

_52 

7 

16.24 

. •« •«»»*»»««« 

1 731 

IBSI 

1 730 

1 730 



wm 

mm 

6.70 
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e Roughness (Brass) 








































































I able 3 H * Surface Roughness Measurement (Aluminium) 


1 ! 

i 

t ’ 

p ! 
h ' 

N ! 

1 

r 1 

V ! 

C i 

1 1 

% ; 

o 

f 

} 

1 

1 

I 

1 

! 

1 

" 1 



01 e Machining 

After Machining 

ihi 

\ 

Wll 

;ng 


Rtm ifini) 

Ra (fm) 

Ilyiiiax (ujn) 

Rtni (iff?,) 

P ! 
t : 

N 

(} 

a ; 

f 

s 1 

1 

t 


avg. 


avg. 


avg 


avg 


avg. 

1 

28 ! 


U. 24 ! 

1 bl 

/ 17 

11 17 

7 15 

2 57 

3 26 

091 

1 05 

6 19 

5 83 

5 40 

4.74 

1 

1 


1 

t 

1 28 


9 54 


2 15 


0 89 


4 56 


3 97 


I 

1 


1 

f 

1 

0 8S 


5 64 


4 16 


0 84 


5 64 


3 99 


i 

1 



0 04 


4 22 


3 78 


0 76 


4 74 


4 67 


1 

* 



» t 

] ]0__ 


5 18 


3 63 


0 95 


8 04 


5 69 



28 

21 1 

i 

63.86 j 

0 88 

0 99 

13 24 

9 77 

6 68 

5.58 

1 60 

1.43 

108 

10 1 

7 53 

7.69 

1 

I 

1 

1 

i 

I 20 


n 97 


8 12 


1 36 


9 02 


7 44 


1 

1 

! 

i 


! 40 


11 56 


5 89 


1 29 


9 87 


751 




1 


0 82 


5 33 


3 73 


1 48 


11 5 


8 30 






0 04 


4 74 


3 48 


1 40 


9 02 


7 65 



52 

21 I 

63 86 

U<)9 

133 

14 62 

14.9 

6 36 

8.92 

1 78 

1 82 

109 

12.2 

8 52 

9 63 





I 53 


10 21 


6 39 


1 69 


11 3 


9 17 






1 40 


10 88 


8 35 


1 75 


12 3 


9 13 






1 20 


18 03 


12 1 


1 86 


13 0 


103 






I 46 _ 


21 03 


11 4 


2 03 


13 5 


11 4 


4 

28 


40.00 

^ 0 66 

0 9r 

6 54 

8.16 

4 06 

5.35 

1 82 

157 

11 5 

10.2 

10 8 

8.99 





1 16 


8 72 


7 62 


1 65 


8 77 


7 97 






1 01 


6 78 


5 18 ! 


1 53 


11 9 


8 88 






0 73 


6 02 


3 98 


1 58 


10 5 


9 02 






0 88 


12 75 


5 93 


1 29 


8 36 


8 22 


S 

40 

3 

40.00 

0 96 

0 95 

4 96 

5.12 

3 68 

3.62 

1 40 

138 

9 50 

10.8 

8 70 

8.85- 





0 64 


3 67 


2 69 


1 37 


10 1 


8 64 






0 73 


4 79 


3 48 


1 20 


11 5 


8 26 






1 13 


7 94 


4 97 


1 38 


9 90 


8 82 






I 09 


4 22 


3 30 


1 56 


13 0 


9 81 


6 

52 

21 


i 14 

0 67 

5 95 

4.74 

431 

3.23 

1 34 

1.44 

12 0 


100 

ICll 




■nnn 

0 58 


4,99 


3 23 


1 50 


12 2 

m 

10 1 






0 47 


3 63 


2 62 


1 57 


14 4 

■ 

10 9 






0 43 


2 42 


1 67 


1 44 


12 0 

■ 

9 75 





||H 

0 75 


6 70 


431 


1 34 


13 3 

■1 

9 82 


7 

40 

14 


2 03 

1.55 

30 48 

19.0 

11 3 

7.46 

1 30 

1.59 

9 58 

10.5 

9 04 

6.86 





0 87 


7 02 


4 19 


1 48 


9 54 


8 42 






1 33 


12 59 


5 43 


1 59 


10 0 


8 11 






2 02 


28 46 


10 0 




14 1 


871 






1 


16 59 


6 35 


1 1 58 


9 44 


7 99 














1 97 2 32 15 7 17 4 9 59 1 10 4- 

2 42 18 6 10 5 

2 17 19 1 I 10 7 

2 35 

2 69 

147 I 77 10 4 1 9.17 I 8 38 I 8 77 

165 12 3 

1 47 9 30 

2 11 119 

2 16 120 

2.98 10 87 85 I 8 15 

0 94 ' 

0 75 
,0 84 
0 84 


3.49 I 0 86 i 5 05 5 98 I 5 47 I 4 44 


1)40 0 56 2 33 4 36 181 2.91 1 95 J 90 12 3 11.4 

0 48 3 23 2 31 1 77 11 7 

0 56 4 97 3 21 1 89 10 5 

0 67 4 74 3 67 1 96 12 3 

0 71 6 53 3 55 1 92 10 3 


0.73 

4 48 

4 70 

3 04 

2.95 

1 48 

/ 67 

10 1 


5 27 


3 58 


1 69 


107 


3 14 


2 11 


1 70 


11 7 


2 87 


1 95 


1 87 


13 9 


7 84 


4 07 


1 60 


12 5 

1.26 

30 70 

11.4 

9 12 

4.84 

147 

1 51 

13 3 


7 36 


4 82 


1 72 


9 89 


6 72 


4 30 


1 70 


931 


6 93 


2 34 


1 09 

I 

8 44 


5 48 


3 61 


1 59 


14 5 

0.82 

4 88 

7 99 

3 15 

4.52 

1 83 

1.61 

12 7 


11 0 


10 9 9.66 

9 19 
8 92 

10 6 

8 19 

8 93 9.15 

8 62 

9 12 

10 5 

8 62 

9 50 8.86 

9 49 

8 44 

7 23 

9 66 

9 49 I 9.14 
871 
9 8S 

8 7S 
8 8C 






















r.iMe 3.9 : ('hange in Surface Roughness (Aluminiu^^ 
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(Inipter - 4 

RESULTS AND DISCUSSION 


4.1 IM ROin <1I0N 


I lit* elicct of diflerent process parameters such as extrusion pressure. No of cycles 
and pcitfiUai'e ol passage aiea leduction on the material removal and surface finish is 
studied I he results tif above study are discussed m this chapter With the help of 
siatistK.i! lesponsc suiface fitting technique, the data aie analyzed and 3 -D surfaces are 
pk'tted usim* (iNld*! C)’I graphics package The effect of process parameters on the 
suif.tee texture is also studied with the help of Scanning Electron Microscope (SEM) 

4.2 RESPONSE vSllRFACE ANALYSIS 

I he equation of general quadratic response surface is of the form 

v-h„ -t 4 +h,x, 4 -^„Jf,' 4-63, +b,,x,x,+b^,x^x, 

(4 1 ) 

where, v response under study, 

/?;,,/?, . ,^23 = constants, 

Xpjc^and x, = process variables 

The quadratic response surface for each response is obtained by calculating constants 
b(i ,^21 with the help of a computer program 

4.3 MATERIAL REMOVAL 

The effects of extrusion pressure, No of cycles and % passage area reduction on 
material removal of brass and aluminium are discussed below 



lit'suli.s anti (hsaissnm 


• Brass ( Workpiece Material ) 

From the responses of Table 3.4 the constants 6o,6, calculated and 

the following response surface equation is obtained for material removal : 

V - 22 92 + 7,489jc, + 8.029jrj + 7.387 jc 3 -0.410x," -0.0740^2" +M9Mx^ 

+4 2 1 25avVj + 1.6875.V3 + 2 . 362 X 3 X 3 (4.2) 

To study the effects of extrusion pressure, No. of cycles and % passage area 
reduction on material removal, one of the variables is kept constant and response surfaces 
arc obtained The response ( in this case material removal) is plotted along Z-axis, the 
remaining two variables are shown in coded form on X - axis and Y-axis (see conversion 
table .3 2) 

4.3.1 KffecI of No. of cycles and % area reduction at different pressures 
It is evident from Fig. 4, 1(a) that the material removal increase at a faster rate as 
the passage area reduction increases than the increase in number of cycles at constant 
pressure because as the extrusion passage area is reduced, the path of media flow is more 
restricted and the abrasive grains penetrate the surface to greater depth . Fig. 4.1(a),(b),(c) 
show that the amount of material removal increases with the pressure because with the 
increase in extrusion pressure the radial force on the abrasive particle increases wluch 
increases the depth of cut and hence the material removal increases. 

4.3,2 Effect of extrusion pressure and % area reduction at fixed no. of 
cycles *. 

Fig. 4.2 (a) shows that at fixed no. of cycles, the % passage area reduction is the 
dominating factor that effects the material removal. With the decrease in extrusion passage 
area the material removal Increases. At greater % area reduction the effect of pressure on 
material removal incieases. It is clear from Fig. 4.2 (a).(b),(c) that the material removal 
increases with the increwe in number of cycles. 

4.3.3 Effect of extrusion pressure and no. of cycles at constant passage 
area : 
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Fig 4.2 : Effect of extfusion pressure and % passage area reduction at fixeid numb^ of 



lU'Mifts and diwtisMon 

I'lg 'i } (a) slums lha! at constant extrusion passage area, with the increase in 
nunibirr nf cycles the material removal increases. At greater passage area reduction the 
matctial temoved is more for the same number of cycles (Fig. 4.3 (a),(b),(c)). The effect 
of extrusion pressure is significant at greater number of cycles. 


• Aluitiinium (Workpiece material) 

From the responses of Table 3 5 the constants ,^23 are calculated and 

the following response surface equation is obtained for material removal ; 

f ^ 1 5.6 + 5,9 l.v, + 3.89JC, + 5.1 6x, - l.40x," - 1.1 + 0 . 47 X 3 " 
i2.51XyXj + l,275.t,x, + 0.05XjX,. (4.3) 

4. J.4 Effect of No. of cycles and % area reduction at constant pressure : 

It is evident from Fig 4.4(a) that the material removal increase at a faster rate as 
the " « passage area reduction increases than the increase in number of cycles at constant 
pressure At some optimum number of cycles the material removal is maximum because 
initially, the surface has some irregularities, the material removal increases with the no. of 
cycles After some time the pedts and valleys get machined and the surface become 
somewhat flat than before, hence the material removal decreases after certain no. of 
cycles Fig 4 . 4 (a).(b),(c) shows that the amount of material removed increases with the 
extrusion pressure (reason is same as in case of brass). 

4.3.5 Effect of extrusion pressure and % area reduction at fixed no. of 
cycles ; 

Fig. 4.5 (a) shows that at 6 xed no. of cycles, the % passage area reduction is the 
dominating factor that effects the material removal. With the decrease in extrusion passage 
area the material rtanoval increases for the same number of cycles. As the number of 
cycles increase the effect of pressure on material removal increases; It is clear from Fig. 

4.5 (a),0)),(c} that the imtoial removd iiKsrqases with the increase in numbea- of cycles. 

4.3.6 Effect of extr^km pr^wre nnd no. of cycia at i^nstant passage 
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Fig 4 5 Effect of extnasion pressure and % passage area reduction at fixed number of 
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I lu 4 (1 (a) slnnvs that at constant extrusion passage area, with the increase in 
mnnlu'i nt t k*s the inatonal lemova! inci eases The niatciial removal deci cases with 
piessute at low numbei ot cycles For the same number of cycles the material removed 
imi eases with decrease in extrusion passage area (Fig 4 6 (a),(b),(c)) 

4.4 SURFA( E FINIvSH 

1 he elTects of extrusion pressure, number of cycles and %passage area reduction 
on suiface finish of brass and aluminium is discussed below 
• Brass 

From the responses (ARa) in Table 3 7 the constants b„,h^ , 62 ,, are 

calculated and the lollowing lesponse surface equation is obtained for change in Ra value 

V- ^ 0 022 + 0 05."^ X, - 0 1 Ixj - 0 3 1 9x, - 0 098x," - 0 092x2^ +0011 6 X 3 ^ 

4 0 0347 1 , + 0 1 05x, X 3 + 0 025 X 3 X 3 (4 4) 

On substituting the values of variables X, ,X 2 and X 3 the response surfaces for change in 

Ra value are obtained 

4.4.1 Effect of No. of cycles and % area reduction at constant pressure : 

I he Ra value in case of brass at constant pressure decreases with the increase in 
number of cycles and % passage area reduction (Fig 4 7 (a)) The surface finish at higher 
pressure improves as compared to low pressure for the same number of cycles (Fig 
4 7fa),(b),(c)) 

4.4.2 Effect of extrusion pressure and % area reduction at fixed no. of 
cycles : 

Fig 4 8 (a) shows that for constant number of cycles, the Ra value decreases as 
the extrusion pressure increases The % passage area reduction does not have much effect 
on Ra value With the increase in number of cycles (Fig 4 8 (a),(b),(c)) the surface finish 
improves after certain extrusion pressure At low pressure the surface roughness increases 


in case of brass 
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(a) % passage area reduction = 16 24 % 
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(c) % passage area reduction = 63 86 % 

Fig 4 6 Effect of extrusion pressure and number of cycles at different % passage area 
reduction on matenal removal (Aluminium) 
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(a) Pressure = 28 bars 
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(b) Pressure = 40 bars 
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4.4.3 Effect of extrusion pressure and no. of cycles at constant passage 
area : 

At constant passage area, the surface roughness decreases at higher pressure and 
as the number cd'cvcles increases the change in Ra value first increases to a maximum 
value then decreases! Fig 4 9) With the decrease m extrusion passage aiea the surface 
fmisli improves Fig 4 9 (c) shows that at greater % area reduction the change m Ra value 
cieci eases as extnision pressure increases 

• Aluminium 

From the lesponses {tsRa) in Table 3 9 the constants ^o’^i 
calculated and the following response surface equation is obtained for change in Ra value 

V - 0 2574 + 0170 l.t, + 0 0683x2 + 0 03566x3 - 0 01457xj^ + 0 053678x2" + 0 323 ISxj" 
+001995r,t2 -002955 x,X3 - 02294x2X3 (4 4) 

On substituting the values of variables X, jXj and X3 the response surfaces for change in 
Ra value are obtained 

4.4.4 Effect of No. of cycles and % area reduction at different pressures 

I he change m Ra value in case of aluminium at constant pressuie increases with 
the increase in number of cycles and decreases to a certain value of % passage area 
reduction and then increases (Fig 4 10 (a)) The surface roughness at higher pressure 
increases as compared to low pressure for the same number of cycles (Fig 
4 10(a), (b),(c)) 

4.4.5 Effect of extrusion pressure and % area reduction at fixed no. of 
cycles : 

Fig 4 11 (a) shows that for constant number of cycles, the Ra value increases as 
the extrusion pressure increases The change m Ra value first decreases to a particular 
value of % passage area reduction then increases With the increase in number of cycles 
(Fig 4 1 1 (a),(b),(c)) the surface finish detenorate to a greater extent The surface 
rougliness increases with the extrusion pressure because in case of milled aluminium 
workpiece the initial surface finish is good, the abrasive grams penetrate to a greater depth 
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(c) % passage area reduction = 63 86 % 


Fig 4 9 Effect of extrusion pressure and number of cycles at different % passage area 
reduction on surface roughness (Brass) 
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4 1 0 Effect of number of cycles and % passage area reduction at different pressures 
on surface roughness (Aluminium) 
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(c) % passage area reduction = 63 86 % 


Fig 4 12 Effect of extrusion pressure and number of cycles at different % passage area 
reduction on surface roughness (Aluminium) 
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at lisghci piessuie and due to biggei gram size the abrasive marks are pronounced on the 
sufface, thcteln nKieasinttthe Ravalue(Fig4 11) 

4.4.6 Lffcct of extrusion pressure and no. of cycles at constant passage 
area : 

At constant passage area, the surface roughness increases with the extrusion 
piessure and as the number of cycles increases the change in Ra value increases (Fig 
4 1 2) With the decrease m extrusion passage area the change in Ra value first decreases 
then increases 
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Fig 4 13 Increase in surface roughness due to bigger abrasive grain size 
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4.5 MAC HINED SURFACE ANALYSIS 

lo understand the etTects of various process parameters on the surface texture, 
specimens ate observed under the Scanning Electron Microscope at higher magnification 

I ig 4 14 (a) is the micrograph of aluminium sample before machining After 
machining at S2 bar pressure for 21 cycles (Fig 4 14 (b)) the abrasive marks are clearly 
visible on the surface Parallel feed marks of the abrasive grains appear on the surface and 
deteriorate the surface finish Fig 4 14 (d) shows that the lumps of alumimum are formed 
and remain on the surface along the direction of media flow 



(a) Before machining 



(b) After 21 cycles at 51 bar 




(c) After 14 cycles at 40 bar 


(d) Lumps of aluminium 


Fig 4 14 Micrographs of Aluminium 
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I*ig ? I'' (al IS the inicrograpli of brass sample before machining The abrasive 
marks in case oi hi ass are not as deeper as in case of aluminium because brass is hard and 
buttle material, hence the surface roughness decreases after machining (Fig 4 15 (b)) 
fheie aie no lumps of brass on the surface, only closely spaced abrasive marks are visible 




(a) Before machining 


(b) After 21 cycles at 28 bar 


Fig 4 15 Micrographs of brass 
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Chapter - 5 

CONCLUSIONS 

5.1 CONCLUSIONS 

In this study, abrasive flow machining (AFM) of brass and aluminium has been 

earned out to study the effects of various process parameters on material removal and 

surface roughness The following conclusions have been derived 

! The extrusion passage area effects the material removal significantly As passage 
area reduced, the material removal increases both in case of aluminium and 

brass 

2 'I he material removal increases whh the extrusion pressure and number of cycles 

3 !*or the same extrusion pressure and number of cycles, thematerial removed is more in 
case of bras.s than the aluminium It is almost double in weight 

4 At greater number of cycles, the effect of extrusion pressure on material removal is 
predominant 

5 In case of aluminium, the material removed is maximum for a particular extrusion 
pressure at constant extrusion passage area 

6 The surface roughness in case of brass decreases with the increase in number cycles, 
% passage area reduction and extrusion pressure 

7 In case of ductile and soft material like aluminium, the surface roughness increases 
with the extrusion pressure and number of cycles The change m Ra value of the 
surface is minimum for a certain value of extrusion passage area It fust decreases, 
reaches a minimum value and then increases (Fig 4 10) 

8. The surface finish is mainly depends on the abrasive gram size The surface 
roughness in case of aluminium increases almost in all the experiments because if the 
abrasive gram size is greater than the initial Ra value then the initial peaks and valleys 
of the surface are replaced by the abrasive gram marks after machining(Fig 4 13) 
These marks are more deeper at higher extrosion pressure and after large number of 
cycles leaving more rough surface after machining 
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Chapter ~ 6 

SCOPE FOR THE FUTURE WORK 

6.1 SC OPE FOR THE FUTURE WORK 

An attempt is made m the present work to understand the AFM to a certain extent 

but tliere are still some work that are to be earned out in the future 

1 The following modifications are needed to be done in the present AFM set-up 

(i) A proper lifting mechanism is required to be added to the set-up 

(ii) For filling media in the media cylinder, the lower hydraulic cylinder should be 
replaced by the double acting hydraulic cylinder and connected suitably with the 
hydraulic power pack 

2 The major constraints in the present work are the constant abrasive 

concentration and abrasive gram size Expenments are to be conducted 
in the future with different erain sizes and abrasive concentrations to understand 
their effects on the surface fimsh and material removal 

3 Investigations in the area of media development are also required 

4 The present set-up is flexible in handling different types of toolings Vanous types 
of tooling can be designed and experiments are conducted for different shapes of 
workpieces especially for finishing external complicated surfaces 

5 The process has potential to remove a fine layer from the surface of harder 
materials This capability can be used for removing recast layer from the EDM’d 
surfaces 

6 To have a better understanding of the process, optimization of the process 
parameters is necessary 

7 It IS required to study the effect of back pressure on the surface roughness and 
matenal removal 
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